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This theoretical paper introduces a new way to view and characterize learning astronomy. It describes a
framework, based on results from empirical data, analyzed through standard qualitative research method-
ology, in which a theoretical model for a vital competency of learning astronomy is proposed: reading the sky,
a broad description under with various skills and competencies are included. This model takes into account
not only disciplinary knowledge but also disciplinary discernment and extrapolating three dimensionality.
Together, these constitute the foundation for the competency referred to as reading the sky. In this paper, these
competencies are described and discussed and merged to form a new framework vital for learning astronomy
to better match the challenges students face when entering the discipline of astronomy.
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I. INTRODUCTION

This paper is an extension and synthesis of the previous
work done by me and collaborators about the challenges
that are related to learning astronomy at the university level.
It presents a synthesis based on two publications [1,2] and
one thesis [3], leading to the theoretical framework named
reading the sky. This includes a set of competencies, where
the most important are disciplinary discernment (DD) [2],
and extrapolating three dimensionality (E3D) and how it
relates to spatial thinking [1]. These two competencies have
empirically been found very important, even crucial, for
learning astronomy. It is here important to point out to the
reader that even though this is a theoretical paper, it is
thoroughly grounded in the empirical studies that make
the foundation for the work presented here. Also, I must
emphasize that the previous empirical work is not sum-
marized in detail but is drawn upon in those places relevant
for the arguments presented here.

A. Learning astronomy

Learning astronomycouldbe excitingbut also challenging
and demanding for many students. Over the years, many
papers have been published describing various difficulties
students encounter when learning astronomy see, for excel-
lent reviews, Refs. [4,5]. These difficulties often revolve

around astronomical concepts that in astronomy courses are
being presented using a multitude of different disciplinary-
specific semiotic resources, including representations, tools,
and activities [6]. Also, learning astronomy involves being
able to think about these astronomical concepts in three
or four dimensions (3D, 4D). Astronomy as a discipline is
special in that it builds almost exclusively on observations,
but it is not possible to directly access the Universe by one’s
eyes, except for the Moon, the stars in the night sky, etc.
Instead, every bit of information about the Universe is
gathered by different tools, i.e., telescopes and detectors,
and processed and finally presented using different types of
representations. Learning astronomy then becomes learning
tohandle and interpret these semiotic resources,which can be
seen as learning a new language; it has its particular language
and “grammar” [7]. Consequently, a novice needs to learn
how to read and use all the different disciplinary-specific
semiotic resources that constitute the disciplinary discourse
of astronomy [6–9]. Moreover, research has shown that
multidimensional (MD) thinking of space, or extrapolating
three dimensionality from one- or two-dimensional semiotic
resources is both very important and very difficult for
students to master [1,3,10–13]. These difficulties taken into
account makes it challenging for new-to-the-discipline
students to learn astronomy, since not only does the student
need to learn disciplinary declarative knowledge, but they
need to learn to “read” all the different highly specialized
disciplinary-specific semiotic resources that astronomers use
to communicate within the discipline [8,9,14–17].

II. BACKGROUND: READING AS A METAPHOR

Metaphorically, to read something has many meanings
and applications, besides the obvious of reading a written
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text. For example, cultural geographers commonly talk
about reading the landscape [18–21], ecology educators
talk about reading nature [22], and others uses the term
reading science to discuss meaning-making and commu-
nication from a social semiotic and semantic approach [8].
From a more general perspective, Card, Mackinlay [23] and
Kress and van Leeuwen [9] theorize around reading
visualizations or images. For the purpose presented here,
I draw primarily on the metaphors reading the landscape
and reading nature.
For cultural geographers, reading the landscape concerns

the ability to “see” the landscape in the kind of disciplinary
way that facilitates the generation of insightful under-
standing. Hence, the usage of the term calls for a discipli-
nary understanding of the “language” of landscapes [21].
This means that reading the landscape metaphorically
symbolizes the interpretation of a given piece of landscape
from observations as if one was reading the “text” of
cultural geography language. I interpret such use of reading
the landscape as an example that vividly captures how
disciplinary-specific representations get used to share
perceptions, knowledge, and meaning making within the
discipline. In cultural geography the landscape is seen as
“being always already a representation” [21] (p. 68), which,
by virtue, is visually three dimensional in nature. This
framing is useful for making the case for the idea of reading
the sky. Consider the resemblances between the connotation
reading the landscape and reading the sky: both the landscape
and the sky need to be observed and to make sense of those
observations they need to be read using an appropriate
disciplinary language, cf. Refs. [8,24].1 Learning such
language is essentially what the educational endeavor is
about in any discipline, see, for example, Refs. [25,26]. For
example, in cultural geography Wylie [21] says, “reading
refers largely to knowledgeable field observations, and
where the landscape is a book in the broadest sense”
(p. 71, emphasis added). As such, landscapes are represen-
tations to cultural geographers that are to be interpreted
rather than just described. Since the ability to read a land-
scape must vary, the interpretations of what is observed must
vary: “There is no single, ‘right’ way to read a landscape”
[18] (p. 603). However, cultural geography educational
literature offers little guidance on how fluency in reading
the landscape can be educationally achieved nor described.
The educational framing for reading nature by Magntorn

[22] in ecology education is, however, more developed and
I thus find this framework to be a good starting point to
establish the framing of reading the sky. Magntorn describes
how reading nature involves two important elements: first,
discernment, which he defines as being “able to see things in

nature and to discern the differences and similarities between
objects in nature” [22] (p. 17) and second, discussion, which
for him is effective communication using disciplinary-
specific multimodal representations. These two aspects are
interconnected with “outdoor experiences” and “theoretical
knowledge” regarding, for example, organisms, processes,
and abiotic factors. These are thus vital elements for
becoming fluent in the disciplinary discourse of ecology
(cf. Ref. [6]). Furthermore, Magntorn frames his findings in
terms of “competence,” which he characterizes in terms of
content knowledge and its associated attained proficiency.
In so doing, Magntorn proposes a revised structure of
observed learning outcomes (SOLO) taxonomy [27,28].
This revision describes different levels of sophistication
concerning reading nature from an ecology education
perspective. The levels are used to classify students’ and
teachers’ ability to read nature, and to discuss critical aspects
for learning to read nature from a phenomenographic point
of view [29–31].
The concepts introduced in this background section will

now be used as a point of departure for the following,
leading to a definition of reading the sky and the analysis of
its importance for learning astronomy.

III. THEORETICAL FRAMEWORK

In this section the different parts needed to build reading
the sky are introduced and discussed. The framework draws
on conceptual change, variation theory, social semiotics,
and in particular disciplinary discernment.

A. Science learning from a social semiotic perspective

Science learning has been addressed numerous times
in the literature and there are numbers of different
approaches to understand learning science. One of these
addresses learning as a change of concepts, often referred
to as conceptual change; see, for example, Refs. [32–35].
Here, understanding can be seen as a development of
(mis-)conceptions into more advanced concepts around
some phenomenon, similar to an “evolution towards
increasingly complex concepts that results from a repeated
process of integrations, some of which entail new dif-
ferentiations” [36] (p. 4). For conceptual change to take
place students must replace or reorganize their central
concepts [32]. This process usually demands some form
of inquiry or observation connected to discernment of new
relevant features from irrelevant, or background, features;
an approach that is well described by variation theory
[30,31]. An issue of particular importance in this process
is the ability to discern disciplinary affordances by differ-
ent types of semiotic resources [37,38]. Using this as my
point of departure, for conceptual change to take place,
communications with others inside the discipline becomes
central to learning. This communication involves using
all representations, tools, and activities that are central to

1One must here note a significant difference in that everyone
can observe the landscape but to observe the sky (except for the
Moon, etc.) one needs a telescope or images and other repre-
sentations; no first-hand inputs are in principle possible.
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the discipline. This approach is well described by social
semiotics [7,14,39], which is the preferred framework that
I adopt and develop in this paper. In social semiotics, all
“communication in a particular social group is viewed as
being realized through the use of semiotic resources.
In social semiotics the particular meanings assigned to
these semiotic resources are negotiated within the social
group itself and they have often developed over an
extended period of time” [7] (p. 87). From the science
education literature, it is clear that to learn to think like a
scientist, students should approach learning a discipline
like a scientist, i.e., using a multitude of semiotic
resources for problem solving in a disciplinary manner;
see, for example, Refs. [7,40–42]. The transit from novice
to expert is not easy, but a coordinated use of multiple
representations indicates increasing student success in
learning science; see, for example, Refs. [6,42,43]. Here,
it is important to point out that from a social semiotic
perspective it is not a question of what a certain repre-
sentation is a representation of, but instead what meaning
this representation conveys for the discipline and how that
meaning is constructed by students [7]. Furthermore, a
semiotic resource, or representation, often conveys more
than one disciplinary meaning, i.e., such resource has a
range of disciplinary meaning potentials, or disciplinary
affordances [37,38], for a certain community. However,
for a student, many of the disciplinary affordances may be
invisible. To learn to think like a scientist, the student
needs to become fluent in their use of different resources
through a process of repetition, by recursively revisit
the same material or resources at an increasing level of
detail [44]. Through this process the student learns to
discern disciplinary affordances of a particular semiotic
resource, hence building “representational competence”
[45,46]. Taking this perspective, learning astronomy, or
any science, “can now be framed as coming to discern
the disciplinary affordances of semiotic resources” [47]
(p. 20), what is referred to as disciplinary discernment [2].
As such, the educational endeavor of the students become
one of discerning disciplinary-specific affordances of
semiotic resources and disciplinary-specific relevant
aspects of a phenomenon, through the process of experi-
encing appropriate variation of semiotic resources, to
allow discernment of differences and similarities within
and between different semiotic resources [48].
When probing the astronomy education research litera-

ture, many studies are found addressing (mis-)conceptions
amongst university students, see, for example Refs. [4,5,
49–55], while at the same time none is found addressing
learning astronomy from a social semiotic perspective. This
is my point of departure for this paper; students need to
fluently learn to read the disciplinary-specific semiotic
resources used by astronomers, to avoid misunderstandings
and alternative conceptions to arise or be consolidated, hence
learn to think like an astronomy expert.

B. Disciplinary discernment and the anatomy
disciplinary discernment (ADD)

At any time in our daily life, we are exposed to huge
amounts of information though our senses, but can only
focus on a small portion of this information at a time [56].
The challenge is to know what to focus on and discern and,
how to know what is important. Here, I characterize this as
discernment in terms of coming to know what to focus on
and how to appropriately interpret it for a given context.
Becoming competent in any discipline involves a similar
process, namely, learning; “what to focus on in a given
situation and how to interpret it in an appropriate, disci-
plinary manner” [2] (p. 168). This involves two concepts,
noticing and reflection, which are used to define discipli-
nary discernment. Noticing is connected to learning by
experiencing new things or by new observations that trigger
new ideas. In astronomy, this happens mostly through
visual perception, by noticing of something from a disci-
plinary-specific representation [6,57,58]. “Our senses pro-
vide information to our brain that we process, usually in an
unconscious way, and only some of this information comes
to our conscious awareness’ [2] (p. 168), i.e., to distinguish
it from the background. For humans to remember some-
thing, we need to mark it in our working memory, and can
then use it for different things [57], by taking it back into
focal awareness to construct meaning, hence change one’s
thinking [31]. This meaning-making characterizes the
process of learning by discernment. See Ref. [2] for an
extended discussion on the relationship between noticing
and discernment.
Now, one would think that everyone can notice the

same things from a representation. This is not the case,
since the noticing depends on one’s earlier experiences,
background, and disciplinary educational level [59,60].
The connection to learning is referred to by Lindgren and
Schwartz [61] as the noticing effect: “A characteristic of
perceptual learning is the increasing ability to perceive
more in a given situation. Experts can notice important
subtleties that novices simply do not see…[This] helps
explain how people can come to perceive what they
previously could not, and how the ability to notice often
corresponds to competence in a domain.” (p. 421). This
highlights how competent performance in noticing from
disciplinary semiotic resources is an important ability
when trying to become a disciplinary expert. This is
similar to what Goodwin [62] calls professional vision,
“which consists of socially organized ways of seeing and
understanding events that are answerable to the distinctive
interests of a particular social group” (p. 606). A well-
known astronomical example involves estimating of the
size of the full moon when it is close to the horizon. Most
people would say, from their noticing, that the moon is
larger when close to the horizon compared to when it is
high in the sky. An astronomy expert would know that this
is incorrect and illustrate it by, for example, using a hollow
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tube made by a rolled-up paper that is just a little larger
than the size of the moon when seen through the tube,
then point it to the moon when close to the horizon and
when it is higher in the sky. This cancels the effect of
the surroundings and one sees that the Moon is the same
size, regardless of the position relative to the horizon.2

This example highlights the importance of knowing that
to look for, in this case the angular size of the moon, and
what not to look at, in this case the horizon. It is thus
“essential for learning to notice what is important and
what is not important” [61] (p. 426), which only can be
done by experiencing appropriate variation [31], in this
case by looking at and measuring the angular size of the
moon at different locations on the sky while at the same
time ignoring the silhouette of the horizon.
However, this does not address what it is that makes the

difference between a novice and an expert and how a
novice moves from being a novice to becoming an expert or
disciplinary insider; here reflection play a crucial role for
the process of learning. John Dewey characterized reflec-
tion as “active, persistent and careful consideration of any
belief or supposed form of knowledge in the light of the
grounds that support it and the further conclusions to which
it tends, constitutes reflective thought” [63] (p. 9). Adding
reflection to noticing then characterizes changes in one’s
thinking, which correspond to the process of learning. This
is a clear extension of Goodwin’s professional vision [62]
in that it addresses what it is that makes the difference
between novice and expert and its connection to learning.
Building on these concepts, Eriksson et al. [2] define

disciplinary discernment from semiotic resources as follows:

noticing something, reflecting on it, and constructing
new meaning from a disciplinary perspective.

It is thus not ordinary discernment referred to here, or even
learning some declarative knowledge, but discernment of
disciplinary affordances of semiotic resources. Fredlund,
Airey, and Linder [37] argue that “learning then, involves
coming to appreciate the disciplinary affordances of rep-
resentations” (p. 658) or semiotic resources. Disciplinary
discernment is thus grounded in a specific disciplinary
discourse, community, or culture, and involves reading and
employing disciplinary-specific semiotic resources, made
up, and negotiated over a long time, by the people involved
in that discipline. Consider, for example, an Hertzsprung-
Russell (HR) diagram as a typical astronomy example of
this in that it holds very many disciplinary-specific affor-
dances, both present and appresent [64]. Students discipli-
nary discernment from such representation will most like
be limited, compared to astronomy experts [65].

How, then, can disciplinary discernment be characterized
as a developing competency? As one might suspect,
growing into a discipline leads to increasingly better
disciplinary discernment competency. In an empirical
investigation Eriksson et al. [2] found that disciplinary
discernment by university students and professors of
astronomy could indeed be described by increasing levels,
or a hierarchy, of disciplinary discernment when they
engage with the same disciplinary semiotic resource
(a simulation video of a flythrough of our galaxy). The
study revealed large differences in disciplinary discernment
in relation to educational level, which led to a disciplinary
discernment hierarchy—the anatomy of disciplinary dis-
cernment (ADD)—the growing ability to discern discipli-
nary crucial aspects from a vast array of potential
affordances of a given representation, i.e., what to focus
on and how to interpret it from a disciplinary perspective.
In Table I, a representation of the ADD is presented.

It is constructed by five levels of increasing discernment,
where the pre-entry level—nondisciplinary discernment—
involves discernment that has nothing to do with the
discipline, similar to everyday discernment. “The discern-
ment is restricted to participants noticing different discipli-
nary representations presented…, usually without them
being able to identify what it is they see. The participants
may signal this by posing a question or wondering about
what it is they notice” [2] (p. 172).
The other levels of discernment, described in detail in

Ref. [2] and summarized here, refer to increasing discipli-
nary discernment and are defined as follows:
The first level—disciplinary identification—involves

recognition and naming of salient disciplinary objects.
“This category represents the first signs of disciplinary
discernment, as we define it, related to astronomical
phenomena and recognition of astronomical structures.
In other words, focusing on parts and distinguishing what
these afford from a disciplinary perspective” [2] (p. 173).
The second level—disciplinary explanation—involves

connecting and assigning disciplinary meaning to dis-
cerned objects, similar to discovering the affordances of
the representations. One sees “a shift in the description
from the what perspective towards a why perspective” [2]
(p. 173). This is recognized as a major step in the

TABLE I. The hierarchy of the anatomy of disciplinary discern-
ment (ADD). For details, see Eriksson et al. [2].

Increasing levels of
discernment

The anatomy of disciplinary
discernment

Disciplinary evaluation
Disciplinary appreciation
Disciplinary explanation
Disciplinary identification

Preentry level Nondisciplinary discernment

2See, for example, https://www.skyandtelescope.com/observing/
moon-illusion-confusion11252015/.
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participants disciplinary discernment in that they “start to
use their disciplinary knowledge to try to interpret what
they see in terms of astronomical properties and astro-
physical processes” [2] (p. 173).
The third level of discernment—disciplinary

appreciation—involves the ability to discern and analyze
the disciplinary affordances of the representations at all
levels, hence acknowledging the value of the affordances
of the representations. It thus bringing together all previous
categories to generate a more holistic view of a particular
aspect, subject, or part of the astronomy discourse, includ-
ing different representations and how they work together at
different levels of detail. “Such ability made it possible for
the participants to appreciate the simulation in different
ways” [2] (p. 174).
Finally, the forth level—disciplinary evaluation—

characterizes the most advanced disciplinary discernment
level found. It involves analyzing and critiquing, both
positive and negative, the representations used for intended
affordances. This level includes, and goes beyond, all
previous levels of disciplinary discernment and hence
completes the ADD.
Let me give a few examples from the investigation that

Eriksson et al. [2] did, where the respondents were looking
at a simulated journey through our galaxy to highlight the
different levels in the ADD:
Nondisciplinary discernment level.—Two students

(A and B) looked at a passage, where the Milky Way
was visible in the background, and were intrigued by what
they saw but lacked the disciplinary knowledge to interpret
it from a disciplinary perspective:

A: ‘I don’t know what I see, but it gets brighter and I see
horizontal irregularly shaped columns. The horizon is a
mixture of dark and bright material, and I have a feeling
that there is something bright behind it.’
B: ‘What’s the yellowishband?Thehorizon-looking thing.
And what’s the cloud-looking things in it?’ (p. 172).

Their attention is caught by the representation and they
start reflecting on what is might be, but have no means to
interpret it from their earlier experiences.
Disciplinary identification level.—”In this category, the

participants are identifying what it is they notice. […] In
this, we see that many descriptions move from ‘-What is
that?’ into ‘-Oh, that is …’, revealing reflective awareness
on sameness and differences [30,31] of the structural
components of the Universe and how these are represented”
(p. 173). One student participant said

C: I’m travelling through the Milky Way galaxy,
towards the stars that makes up the constellation Orion
(p. 173).

Clearly, signs of recognition can be seen here. C could
easily recognize and name the salient disciplinary objects.

Disciplinary explanation level.—Here, the discernment
could be related to composition (structural aspects or what
the different objects are made of), color (in relation to
emission, absorption, and/or temperature), or other astro-
physical aspects (including processes). For example, two
students say

D: [The nebula] ‘appears to be red from strong Balmer
lines, but I am under the impression that the Orion
nebula appears slightly green to the naked eye due to
trace amounts of ionised oxygen’ (p. 173).
E: … ‘interesting to actually see stars having different
colors due to different surface temperature … redder—
cooler and bluer—hotter.’

Indeed, the students are now adding disciplinary knowl-
edge to their discernment and tries to explain their discern-
ment.Hence, “the disciplinary affordances of representations
are beginning to be ‘discovered’ by the participants” (p. 174).
Disciplinary appreciation level.—At this level, discipli-

nary discernment involves the ability to analyze what is
seen at all levels of detail, sometimes using different
representations, and how it all works together. This reveals
a more holistic understanding of the astronomical phe-
nomenon under examination, which makes it possible to
appreciate the phenomena and representations in different
ways. Students F and G say (p. 174):

F: ‘So we were between spiral arms. It seems crowded—
lots of stars and gas. It is hard to appreciate the stellar
neighborhood when we have talk about the distances to
our nearest star at 4.2 light years. That seems very far
away, yet looking at this rich neighborhood, on the
stellar scale, it is actually very close.’
G: ‘When I see that clip I start to think about all the
things I have learned during the course. What a nebula
is, how stars are born, supernovae, and other concepts
that I have learned. This picture is not entirely like other
pictures I have seen on this object.’

Even if F and G do not say it aloud, it is clear that the
students identify the representations presented for them,
have an underlying explanation for them, and combine
disciplinary knowledge from different areas, to express or
build a holistic appreciation of what the representations are
intended to afford.
Disciplinary evaluation level.—Let me illustrate this

level with a different example from astronomy. In a
conversation between two professional astronomers, dis-
cussing stellar evolution in an open cluster, one of the
astronomers used a gesture to illustrate the turn-off point in
the HR diagram for the particular stellar cluster under
discussion. The other astronomer immediately identified
this semiotic resource (the gesture) as part of the HR
diagram and its meaning potential (disciplinary affordance)
for estimating the age of the cluster. Although the second
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astronomer agreed to some extent, she critiqued the gesture
(its disciplinary affordances or intended meaning) and
suggested, using her hands, a different turn-off point
(higher “up”), leading to a younger age for the cluster.
This I classify as disciplinary evaluation, since the second
astronomer easily could discern the meaning of the par-
ticular gesture, even though none of them ever mentioned
the HR diagram and the gesture was seen from behind.3 For
a nondisciplinary spectator, this conversation would most
likely be completely incomprehensible. An astronomy
student would most likely not be able to know what to
look for and discern what was important in this commu-
nication and hence not fully understand and follow the
discussion.
As the reader might notice the presented ADD carries

similarities to other classes of novice-to-expert frameworks
presented earlier, but in contrast to them the anatomy
of disciplinary discernment offers a more fine-grained
description of peoples’ discernment competencies in a
certain domain, allowing expansion of the idea of profes-
sional vision to levels of disciplinary discernment; a
potentially useful tool for both teaching and learning
astronomy. Also, it may be possible to see some similarities
between disciplinary explanation and the Framework for
Next Generation Science Standards, and in particular
“Practice 6—Constructing Explanations and Designing
Solutions” [68] (p. 67) where construction of scientific
explanations are addressed. For example, the framework
says that by grade 12 students should be able to

Use primary or secondary scientific evidence and models
to support or refute an explanatory account of a
phenomenon.

Offer causal explanations appropriate to their level of
scientific knowledge. (p. 67)

However, the disciplinary explanation level is focusing
on how explanations are connected to discernment of
semiotic resources per se, by revealing what the student
focus on and how it is interpreted from a disciplinary
perspective. The above competencies are more related to
how to construct explanations using semiotic resources,
rather than how a certain semiotic resource is understood.
In Table II I highlight and summarize characteristics,

differences and similarities between the proposed
ADD framework and other classes of novice-to-expert
frameworks.
After introducing disciplinary discernment and the

ADD and highlighting it by the above examples, I will
now address the next fundamental competency needed
for to build reading the sky: Extrapolating three
dimensionality.

C. The multidimensionality hierarchy and
extrapolating three dimensionality

This section concerns the concept of spatial thinking as
a particularly important aspect of disciplinary discernment
[1]. Therefore, I start by defining what I mean by spatial
thinking in an astronomy education context. Spatial
thinking is

“the recognition, consideration, and appreciation of
the interconnected processes and characteristics among
astronomical objects at all scales, dimensions, and
time” [3] (p. 118).

Spatial thinking has increasingly been identified as an
important competency in different science disciplines
[11,75] and astronomy is no different in this respect
[1,10,76–78]. Indeed, astronomy as a discipline seems to
demand excellence in the ability to extrapolate three dimen-
sionality in one’s mind from one- or two-dimensional
semiotic resources. Here, I remind the reader that learning
astronomy demands learning to interpret and handling all
the semiotic resources used to communicate astronomy as
a science. However, compared to other sciences, learning
astronomy is challenging from two particular aspects. First,
the astronomical distances in the Universe offers little, if any,
possibility to experience an astronomical object from differ-
ent directions; consequently, the input to our senses are at
best two dimensional. Second, an additional complication is
the astronomical distances in itself; most astronomical
objects are so distant that they cannot be seen by the naked
eye. Consequently, every object and phenomena in the
Universe needs representations and it is from these repre-
sentations that our understanding of the Universe is built.
Usually, these representations are one- or two-dimensional to
its nature. Following the definitions by Gilbert et al. [79],
by one-dimensional (1D), I here refer to text, symbols, and
mathematics, whereas two-dimensional (2D) representations
could be diagram, graphs, images, etc. Three-dimensional
(3D) representations are, for example, gestures, real physical
models, or simulations and animations, where one can move
around in a virtual reality universe, or use 3D glasses.
It is often taken for granted in astronomy education that

students will be able to, in their minds, extrapolate a 3D
experience from 1D and 2D representations. This is despite
the growing body of research indicating that this is often
not the case [1,11,78,80–83]. For example, Parker and
Heywood [82] found that students had great difficulty in
moving from 2D representations of the solar system to 3D
representations. They concluded that “there is a generic
problem of spatial awareness in relating to position in space
of the observer and the observed objects.” [82] (p. 515).
However, by using simulations and animations, where
students can manipulate objects and positions, others have
found that students learn more effectively about astronomi-
cal concepts by letting them becoming “living phenomena

3The importance of gestures in communicating disciplinary
knowledge in physics and astronomy has recently been recog-
nized by others, for example, Refs. [66] and [67].
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that are actualized and not simply realized” [84] (p. 751).
This is also highlighted by Plummer [76] in that
“Engagement in spatial thinking may be dependent on
spatial abilities, but it also builds on prior knowledge and
experiences” (p. 4). This highlights the challenge the
students face when entering the astronomy discipline; to
learn to understand the Universe, they need to learn to think
spatially, or develop their competency to extrapolate three
dimensionality from one- or two-dimensional inputs,
cf. Refs. [76,85]. As an example, the challenges that most

students encounter when trying to learn about seasons, or
the phases of the Moon, are very well documented across
ages and time, and this is only the very first step out into the
multidimensional Universe [71,82,86–92]. However, it is
not clear from the astronomy education research literature
what the required spatial thinking entails and is used for,
but experienced astronomy professors repeatedly observe
successful students possessing high levels of spatial think-
ing [10]. The lack of literature in the field is concerning but
there is a growing interest from the astronomy education

FIG. 1. A graphical representation of how reading the sky is related to disciplinary discernment and extrapolating three dimensionality,
by linking observations and experiences to disciplinary knowledge.
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research (AER) community to further investigate the
connection between success in learning astronomy and
extrapolating three dimensionality [76,78,90,93–95]. Here,
virtual and augmented reality, and planetaria, are found to
offer new possibilities for approaching this [96–103].
However, such resources must be used with considerations;
Tversky et al. [104] say, “Like all good things, animation
must be used with care” (p. 258).
Extrapolating three dimensionality is thus identified as

important in astronomy education, but to what extent do
students discern dimensionality aspects in representations?
And, is this different from disciplinary discernment men-
tioned earlier? In an empirical qualitative study on discern-
ment of dimensionality from simulations, Eriksson et al. [1]
were able to show how the ability to extrapolate three
dimensionality varies by the participating students and
professors. The discernment of dimensionality could be
categorized into a multidimensionality hierarchy (MDH)
of six qualitatively different categories, which could be
clustered as a function of 1–3 dimensionality thinking; see
Table III and Eriksson et al. [1].
The one-dimensionality disciplinary discernment cluster

involves discernment of motion, i.e., the experience of
moving forward in terms of direction, speed, acceleration,
or rotation. Also, discernment of distance traveled or
distance between objects and direction falls under this
cluster. The two-dimensionality cluster consists of only
discernment of relative size between astronomical objects.
For the three-dimensionality cluster, three different types of
disciplinary discernment related to dimensionality aware-
ness were identified. These are the following: Emergence of
three dimensionality, which involve discerning internal and
external structures and details of astronomical objects,
reflecting an awareness of depth within an object; growth
of three dimensionality, which involves discerning and
becoming aware of how astronomical objects and its parts
change appearance due to change of perspective, i.e.,
motion parallax; advanced three dimensionality, which
includes all the previous categories but also a more
complete awareness of three dimensionality in relation to
structures of the Universe at all scales, from the smallest

planets and stars to the large scale structure of the
Universe [1].
These three-dimensionality discernment categories all

incorporate discernment of both width and depth, with
reflects 3D awareness of the Universe. For a more detailed
description of the categories, see Eriksson et al. [1].
For the arguments presented here, it is discernment

related to the three-dimensionality cluster that is most
relevant, as it demands the competency to extrapolate in
one’s mind a 3D awareness of the Universe. Let me
illustrate this by a few examples:
A student may start to discern internal structures and

details of a nebula, by saying things such as “I see that there
are dark absorption nebulae within the Orion nebula, in
which stars are formed.” Such statements reveal an aware-
ness of nebulae having internal, smaller, structures, which
is referred to as microscale three-dimensionality discern-
ment, similar to the emergence of three-dimensionality
category. Another student, looking at a simulation where a
representation of an open star cluster, the Pleiades, is
viewed from a simulated orbit, may say that “From the
changing perspective I can see that the stars are located at
different places in space and that the familiar look of that
cluster only can be seen from one particular direction.”
This reveals that the student has discerned and become
aware of the spatial distribution of stars in the cluster. This
is interpreted as an increase in three-dimensionality dis-
cernment, compared to the previous category and falls in
the growth of three-dimensionality awareness category.
Finally, to illustrate this, a professor said: “I thought the
movie did a very nice job of capturing a three-dimensional
sense of the space around us. The astronomical objects
looked fairly three dimensional, and it was nice to see the
shape of the constellation Orion change as we approached
it.” Here, it is clear that the professor discerned and
appreciated the 3D representations of astronomical objects
at different scales, both the objects themselves, their
connections, and the spatial distribution of them, revealing
a holistic understanding of the dimensionality of the
Universe, similar to the advanced three-dimensionality
discernment category.

TABLE III. The multidimensionality (MD) hierarchy. This hierarchy is built by six categories of dimensionality
discernment. (Following Eriksson et al. [1]).

Categories of dimensionality
discernment

Categories of discernment ordered
hierarchically

Clustering of categories
as function of
1-3 dimensionality

Advanced three dimensionality
Three dimensionalityGrowth of three dimensionality

Emergence of three dimensionality

Relative size awareness Two dimensionality

Distance contemplation One dimensionality

Baseline category Motion identification
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In what ways are discernment of multidimensionality
different from disciplinary discernment? The most impor-
tant difference concerns disciplinary discernment being
grounded in a particular discipline and spatial thinking
being a competency that people can develop regardless of
discourse belonging, for example using simulation soft-
ware like Minecraft™, Universe Sandbox™, or similar, by
moving around in a virtual or augmented reality, or physical
model of solar system, etc. When addressing this in an
astronomy education context extrapolation of three dimen-
sionality can most easily be promoted, and trained, by
using parallax motion of astronomical objects presented in
a simulation or animation, or a physical model, which, in
principle, does not need to have anything to do with what
astronomical object is being represented. Of course, in an
astronomy education context disciplinary discernment and
extrapolating three dimensionality must be connected and
intertwined [3]. For example, an astronomer can easily
extrapolate a 3D image in their mind of a rotating spiral
galaxy from what is discerned of the disciplinary affor-
dances from a graphical rotation curve (2D) or, how the
initial mass function (1D) in combination with an inter-
stellar cloud could lead to various 3D distributions of
young stars. An astronomy undergraduate student will not
likely be able to make that connection and “see” it like an
astronomer would or be able to judge the consequences of
the intended meaning of a representation in relation to a 3D
object or phenomenon. As such, disciplinary discernment
and extrapolating three dimensionality are two sides of the
same coin, described by the above presented discernment
hierarchies.
Why is spatial thinking then important to train? Being a

novice in the astronomy discipline means to learn to
understand the Universe, which of course is multidimen-
sional. To build a disciplinary understanding of the
Universe, even at the most basic level, thus demands being
able to understand it from at least a 3D perspective. This
argument is supported by the AER literature that clearly
shows that spatial thinking is difficult but at the same time
a key factor for success in learning about the Universe
[13,76,78,84,91,93,103,105,106].

III. BUILDING READING THE SKY

Taking the theories and competencies presented above as
my point of departure, I now turn to building and defining
what I mean by reading the sky.

A. Defining the sky

At this point in my discussion I need to further explain
what I mean when I refer to the sky [3]:

The sky is the whole Universe at all levels of detail,
including all forms of disciplinary-specific representa-
tions, and other semiotic resources, describing the

Universe, at all scales, its properties, but also the
processes involved in their interaction with the sur-
rounding, at local and large scale, and time.

Taking the previous into account it is clear that there is
one major difference between reading the landscape, or
nature, and reading the sky; everyone can “see” the land-
scape, or the environment, but no one can see the whole sky
since the astronomical objects (except for the Sun, the
moon, and some stars) are too distant and faint for humans
to see with their naked eyes. Reading the sky thus calls for
being able to read the disciplinary-specific representations
that have been created by astronomers to describe and
communicate astronomical knowledge. This highlights the
size of the challenge at hand; to be able to competently get
to “see” the whole Universe, its parts, and how they interact.
Obviously, from an educational point of view, the

competency to read the sky must be seen against the
educational aims of a given educational context [107]
and how it is being assessed [72].

B. Defining reading the sky

I now propose a definition of reading the sky that brings
together the metaphor “reading” with the extrapolation of
three dimensionality and disciplinary discernment [3]:

Reading the sky is the competency to discern discipli-
nary affordances of the sky in order to acquire a holistic,
three- and four-dimensional, understanding of the Uni-
verse at all levels of scale, dimensions, and detail.

In the definition of reading the sky, I draw on the
concepts of reading the landscape [21] and reading nature
[22], capturing the varying ability to discern and interpret
how disciplinary-specific semiotic resources get used to
share perceptions, knowledge, and meaning making within
a certain social discipline [108,109]. Both of these involve
observations and measurements, which have great impor-
tance for all of astronomy, but also how these are perceived.
As such, reading the sky is grounded in disciplinarity and
bridges the gap between the discipline of astronomy and the
meaning making that gets constructed from observations
and measurements by astronomy learners.
History can provide illustrative examples, e.g., the

Danish astronomer Tycho Brahe, who tried to confirm
the heliocentric model in the late 16th century by meas-
uring the annual parallax by stars due to the Earth’s
assumed motion around the Sun. Even though he, at the
same time, had both the best predictions from earlier
models and the best equipment available at the time, with
an uncertainty of only about 15 arcsec, he could not discern
any parallax motion [59,110]. From his observations, he
gathered data on stellar positions and angular distances,
made detailed tables, and applied the data to the assumed
celestial motions of the Earth (and planets). This indicates
that he could critically evaluate the data (the representation
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of stellar positions), similar to critiquing the affordances of
the representations in the ADD. At the same time, he must
have had a very well-developed special thinking compe-
tency, in that he, from the data, could extrapolate three
dimensionality and develop an advanced model (at that
time), where Earth was at the center of the Universe, with
the moon orbiting Earth, the Sun was also orbiting Earth,
but all the other planets orbited the Sun. Taking all this into
account, Brahe had excellent reading the sky competencies
and came to the logical (but erroneous) conclusion that
Earth did not move.
Another example can be found in the history of Swedish

astronomy; the astronomer Knut Lundmark was involved
in the 1930th-century Shapley-Curtis debate about whether
the “Andromeda nebula,” and other “spiral nebulae,” were
nearby nebulae or separate galaxies. From his studies in
the 1920s of the Andromeda nebula, using measurements
made by hand or eye from photographic plates (i.e.,
graphical representations), of brightness variations of
emerging novae or supernovae and comparing them with
similar objects with known distances, he came to the
conclusion that Andromeda, and also other spiral nebulae,
were actually galaxies far away, moving away from us.
His method was not very precise and other astronomers at
that time could not discern the same things from the data
and Lundmark’s work was largely disregarded [111]. A few
year later, in 1925, Edwin Hubble showed that Andromeda
indeed was a galaxy far away, using measurements from
Cepheid stars in the Andromeda galaxy.
Analyzing this historical event, I suggest that Lundmark

had excellent disciplinary discernment competency, at
the highest level of the ADD, since he could not only
appreciate the affordances of the representations (photo-
graphic plates, tables, graphs, etc.), but also criticize them
in a disciplinary manner and from them draw correct
conclusions. However, this historical event also highlights
the subjective side of science [112], where preconceptions
by the involved astronomers concerning the large-scale
structure of the Universe came to play a crucial role in how
to discern and interpret the new data; Lundmark failed to
convince many other astronomers at that time of how to
“read” his data and results. From the framework proposed
in this paper, this highlights how reading the sky com-
petency vary even for disciplinary experts in their meaning
making from observations and measurements.
Reading the sky observations thus include what one can

discern using telescopes, by looking at spectra from stellar
objects, from images of the sky and astronomical objects,
graphs, mathematics, or from any kind of discipline-
specific representations. Such observations normally use
the naked eye as a detector. Discernment is constructed
from these observations through a meaning-making process
that calls for a “fluency” [6] in the disciplinary discourse,
which is linked to spatial thinking [1]. Becoming part of
the disciplinary discourse of astronomy thus involves being

able to fluently read the sky by interpreting, understanding,
and using the different semiotic resources, and in particular
the representations, that astronomers use to communicate
disciplinary knowledge as part of developing a discursive
proficiency [22] and identity [60,113,114]. Using this
disciplinary discourse perspective, reading the sky calls
for the two abilities, disciplinary discernment and extrapo-
lating three dimensionality to be linked to “observations
and experiences” and “disciplinary knowledge” in order to
be able to “see” through vision, and “interpret” through the
affordance of disciplinary-specific representations, the
Universe. This is illustrated in Fig. 1.

IV. DISCUSSION

A. Reading the sky—a competency

Today, the value of knowledge lies much more in
competence performativity and innovation than in simply
knowing. As such, education today is increasingly moving
towards a competency mindset. Reaching such competency
in areas such as science has long been known to be
challenging, see, for example, Refs. [115–117], but no
one has addressed this from a learning astronomy perspec-
tive. Here, learning from disciplinary-specific semiotic
resources plays a crucial role, but it is not enough in itself.
Moving from everyday conceptions of the world around us
to disciplinary interpretations are fraught with pitfalls and
problems. Thus, it becomes an important educational
consideration to understand what underpins the compe-
tency characteristics of the disciplinary learning trajectory.
Therefore, and to move the augment forward, a definition
of what is meant by competency is needed. For the purpose
presented here, I draw on David Dubois’ [118] definition of
competency as

‘those characteristics—knowledge, skills, mindsets,
thought patterns, and the like—that when used whether
singularly or in various combinations, result in suc-
cessful performance’ (p. v).

This definition can be contrasted against, e.g., diSessa
and Sherin’s definition of meta-representational compe-
tence (MRC) [35], that is,

‘the full range of capabilities that students (and others)
have concerning the construction and use of external
representations. MRC includes the ability to select,
produce and productively use representations but also
the abilities to critique and modify representations and
even to design completely new representations.’ (p. 386)

Although there are overlaps, one can identify a differ-
ence in the two definitions that is grounded in the ways that
I view learning. From a social semiotic perspective learning
takes place as you grow into the discipline and learn how to
read the specialized disciplinary-specific representations,
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developed over a long time; that is, learn to understand
the inherent meaning of a representation. It is not the
construction and use of our own representations that is of
central interest, but rather the understanding of what
specialized representations mean for the discipline and
its use for successful performance and communication
within the discipline.
This captures the challenge that students face when

entering the astronomy discipline; it is not just standard
declarative knowledge that they need to learn to compe-
tently understand the Universe, but many other competen-
cies are also needed. In this work, two such competencies
important for reading the sky are disciplinary discernment
[2] and extrapolating three dimensionality [1]. In this paper,
it is argued that becoming part of the discourse of astronomy
involves being fluent in read the sky by interpreting,
understanding, and using the many different representations
that astronomers use to communicate disciplinary knowl-
edge. From the ADD and MD hierarchies [1,2], reading the
sky can be viewed as a framework associated with a set
of competencies that are highly important for learning
astronomy. However, as opposed to the SOLO, or
Bloom’s taxonomies [73,119–121] (see Table II), the
proposed reading the sky framework is grounded in dis-
ciplinarity and builds on appreciating how disciplinary
knowledge relates to actual astronomical observations of
the sky as a function of discerning the disciplinary affor-
dances of representations used in the disciplinary discourse
of astronomy. For university students studying astronomy,
reading the sky becomes a set of competencies that needs
to be striven for; the framing of reading the sky provides a
research-informed link between observations from semi-
otic resources and the meaning making that gets con-
structed from those observations. Therefore, reading the
sky becomes important when addressing learning astro-
nomy, and literature reviews reveal that this has not been
addressed or quantified earlier, cf. Refs. [71,76]. In this
work, this is done from a disciplinary discernment
perspective.
Through my long experiences of teaching physics and

astronomy, and carrying out research in both astronomy and
astronomy education, I have become fascinated by what
students or observers actually believe that they “see”—
observe, discern, or read—when watching the real sky,
visualizations of the Universe, or any other astronomy
representations. To competently read the sky is thus a very
complex task and so I propose that reading the sky should be
acknowledged as a set of competencies. Complementary to
disciplinary declarative knowledge, competency in discipli-
nary discernment and extrapolating three dimensionality, i.e.,
handling disciplinary knowledge in appropriate ways using
disciplinary-specific representations, can be identified as
being crucial for reading the sky. Of course, these compe-
tencies can only be theoretically separated; in practice they
are intertwined with disciplinary knowledge, theory, and

practice [122,123]. As such, reading the sky opens up a new
way to expand learning astronomy through disciplinary
discernment by an inclusion of spatial thinking, i.e., extrapo-
lating three dimensionality from one- or two-dimensional
input. The discernment of relevant structural components of
the Universe and how they interact through different proc-
esses, expressed through semiotic resources, involves looking
at, reflecting on, and constructing meaning, in relation to the
whole of the multidimensional, multiwavelength Universe.
This is done through observations and measurements, which
have great importance for all of astronomy. Therefore,
reading the sky works as a bridge between the discipline
of astronomy and astronomy education.
At this point, it is important to recognize that these

observations are made and interpreted by human beings;
hence they cannot be absolutely objective [112,124] and
rely heavily on what a person experiences [125]. In all
scientific activity, this phenomenon is well known; for
example, the natural scientist Alexander von Humboldt
[126] wrote about this in his Aspects of Nature as early
as 1849. The dark sky, distant light, colors, odors and
fragrance from afar, the silhouette of the horizon, sound,
etc., collectively contributes to what gets read by an
observer. The challenge lies in only observing the relevant
features [127] and the challenge behind that is knowing
what these relevant features are and/or how to recognize
what these are (consider, for example, the Lundmark, or
moon example, given earlier). This becomes increasingly
more important in situations where one needs to rely
heavily on one’s eyes to make observations [59].

B. Reading the sky—highlighting differences
between expert and novice

From an epistemological point of view, all knowledge or
well-grounded belief rests on experience; experience that is
gained through direct sense perception, in this case, vision,
but also audio and tactile. Furthermore, since none of us
have identical prior knowledge, different people discern
identical things differently [62]. This is not a new idea; it is
well known that Socrates used this to argue that our senses
cannot access reality in any direct way, or, as Shapere [127]
expresses it: “sense-perception is notoriously untrustwor-
thy” (p. 508). At the same time, an image of, for example, a
nebula taken by a CCD camera through a telescope, see
example in Fig. 2, is also only a representation of the “real”
object. This kind of representation gets built on chains of
processes and representations that have been coordinated
by people, often over a long time period [128]. Such
representations have intended meanings, created by some-
one with a particular purpose, and made up by an enormous
number of disciplinary affordances [37]. Typically, when a
student looks at a representation of, say, an astronomical
object, which normally includes a multitude of disciplinary
affordances, the student will only discern a subset of
the total disciplinary affordances, set by the discipline
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community, of that representation, cf. Ref. [129]. Hence, it
is important for professors to be aware that students do not
discern the same things from a representation as they do.
Thanks to the professors’ disciplinary knowledge and
educational background, they usually have highly devel-
oped disciplinary discernment (cf. professional vision [62])
and are “sensitive to patterns of meaningful information
that are not available to novices” [130] (p. 33) in that they
can both evaluate and criticize representations in an
automatic, unconscious manner [122,131], similar to the
highest levels of the ADD and MDH. The students, on the
other hand, often focus on the wrong things. Eriksson et al.
[2] found that an alarming 43% of the 1st year under-
graduates that participated in their study focused on
nondisciplinary things in the presented representations,
which highlights the educational challenges at hand.

C. Reading the sky: A framework also useful
for teaching astronomy?

Reading the sky thus concerns disciplinary discernment of
any representation belonging to the astronomy discourse.
However, for any student the discerned disciplinary affor-
dances for a particular representation [37]will only constitute
a subset of those set by the discipline, cf. Ref. [129]. Hence,
there is a potential risk of students missing educationally
relevant aspects. Part of the reason for the limitations to
what a student can discern from disciplinary representations
comes from cognitive load theory see, for example,
Ref. [132]. Cognitive load theory portrays the amount of
information that can be perceived through vision as being not
only limited per se, but also limited by information perceived
by our other senses. This becomes a particularly important
consideration when choosing to use simulations and anima-
tions that attempt to realistically represent aspects of nature as
a teaching and learning tool. Here, there is a potential risk of
students missing educationally relevant aspects because of

cognitive overload [132,133] or by only focusing on themost
visually compelling attributes, which might not be relevant
for the task at hand [31,134–138]. Astronomy teachers will
need to first identify disciplinary relevant aspects of the
representations and then help the students by unpacking the
disciplinary affordances of the representations, something
that has been found to be both difficult and problematic for
many studentswithout the help of a teacher [1,2,128,139].Of
course, there are many ways to address this, and there are
indeedmany educational theories that could be useful. Some
are more general and some are more practical and I would
like to contrast reading the sky against one such theory:
Learning progression [76]. The reading the sky framework
may seem similar to various learning progression sequences
[76], but the proposed framework is not to be seen as such,
since learning progressions are usually aimed at describing
how one can address a particular topic or concept, by
increasing levels of abstraction. The proposed reading the
sky framework shall be seen as a general theory for how
learning astronomy can be described and quantified through
discernment of disciplinary affordances of representations
used in the disciplinary discourse. This said, it is reasonable
to assume that learning progressions may benefit from using
the proposed framework as a starting point and I welcome
such efforts by astronomy educators.
Elsewhere [3], I propose a theoretical teaching model,

the Spiral of Teaching and Learning, for how to use
reading the sky by characterizing what is needed to link
extrapolating three dimensionality and disciplinary discern-
ment to disciplinary knowledge as part of informing the
optimization of the teaching and learning astronomy. This,
however, goes beyond the scope of this paper.

V. CONCLUSION AND IMPLICATIONS

The aim of this paper was to introduce and discuss a new
framework for learning astronomy: reading the sky. Here,
I have argued that becomingpart of thediscourseof astronomy
involves being able to fluently read the sky by discerning,
interpreting, understanding, and using the many different
semiotic resources that astronomers use to communicate
disciplinary knowledge. Using a disciplinary discourse per-
spective [6], reading the sky calls for the two competencies,
disciplinary discernment and extrapolating three dimension-
ality, to be linked to observations and experiences, and
disciplinary knowledge, in order to be able to see through
vision, and interpret through the affordance of disciplinary-
specific representations, the Universe. I propose reading the
sky to be highly important for learning astronomy and that it
goes beyond the concept professional vision [62] in that it
holds two important competencies and how these can be
described by hierarchies, making them constructive tools
when addressing aspects of learning astronomyusing semiotic
resources, cf. Ref. [35].As such, reading the sky competencies
are vital for efforts aimed at optimizing and improving
astronomy education and curricula, by using disciplinary

FIG. 2. A CCD image of the “Heart Nebula,” IC 1805, taken
by a telescope. It is important to be aware that this is only a
representation of the real object. Image credit: Jonas Carlsson.

DISCIPLINARY DISCERNMENT: READING THE … PHYS. REV. PHYS. EDUC. RES. 15, 010133 (2019)

010133-15



discernment from representations as the grounding for learn-
ing and in that process help students in their meaning making
by tailoring the teaching sequences in terms of crossing
category boundaries in the ADD and MDH. I propose that
this approach may offer a constructive tool for curricula
development across spans of ages of science teaching and
learning in schools and at higher education, cf. Ref. [35].
From extensive teaching experience and research, this

model, where disciplinary discernment and extrapolating
three dimensionality are assumed equally important as
disciplinary declarative knowledge, has been found effective
for teaching and learning astronomy and physics at the
university level [1,2,10,37,97,139,140]. It may also be
possible that the model would apply to other science subjects
as well, in particular where one cannot directly see different
phenomena, such as atomic interaction in chemistry, see, for
example, Refs. [141–143], or in atomic and particle physics,
see, for examples and resources, Ref. [144], where the
situations are similar to astronomy in that representations are

needed to visualize various phenomena. The proposed
theoretical framework should be seen by astronomy pro-
fessors and educators as offering a new way of thinking
when planning teaching to enable students to become part
of the disciplinary discourse of astronomy: students need to
learn to develop reading the sky competencies, or else they
will only see and not discern. The distinction is clear.
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